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Systematic review and meta-analysis of the prevalence

of venous thromboembolic events in novel coronavirus

disease-2019 patients
Rui Zhang, MD, Leng Ni, MD, Xiao Di, MD, Xuebin Wang, MD, Baitao Ma, MD, Shuai Niu, MD, and
Changwei Liu, MD, Beijing, China
ABSTRACT
Background: Emerging clinical evidence has shown that patients with the novel coronavirus disease-2019 (COVID-19)
have complications that include venous thromboembolism (VTE), consisting of deep vein thrombosis (DVT) and pul-
monary embolism (PE). The prevalence of VTE in patients hospitalized with COVID-19 is unclear.

Methods: Eligible studies on COVID-19 were collected from PubMed, Web of Science, and Embase. Patient charac-
teristics and information were extracted for three categories of patients: consecutive, ICU, and non-ICU group. All PEs
and DVTs were diagnosed by computed tomographic pulmonary arteriography and duplex ultrasound examination,
respectively. A subgroup analysis of testing strategies in ICU and non-ICU patients for PE and DVT was also
performed.

Results: Forty clinical studies involving 7966 patients hospitalized with COVID-19 were included. Pooled VTE prevalence
was 13% in consecutive patients (95% confidence interval [CI], 0.05-0.24; I2 ¼ 97%), 7% in non-ICU patients (95% CI, 0.01-
0.18; I2 ¼ 93%), and 31% in ICU patients (95% CI, 0.22-0.42; I2 ¼ 91%). ICU patients had the highest prevalence of PE among
the three groups (17% [95% CI, 0.12-0.23] vs 8% in consecutive patients [95% CI, 0.04-0.13], 4% in non-ICU patients [95% CI,
0.01-0.08]). ICU patients also had the highest DVT prevalence (25% [95% CI, 0.14-0.37] vs 7% in consecutive patients [95%
CI, 0.03-0.14], and 7% in non-ICU [95% CI, 0.02-0.14]). The subgroup analysis showed a three-fold improvement in the PE
and DVT detection rates in both ICU and non-ICU patients with COVID-19 when the screening test for VTE was applied. In
the settings of screening tests for VTE, ICU patients have a significantly higher prevalence of PE (37% vs 10%; P < .0001)
and DVT (40% vs 12%; P ¼ .0065) compared with non-ICU patients.

Conclusions: VTE is common in patients hospitalized with COVID-19, especially among ICU patients. Screening tests for
PE and DVT may significantly improve detection rates in both ICU and non-ICU patients with COVID-19 than tests based
on clinical suspicion. (J Vasc Surg: Venous and Lym Dis 2021;9:289-98.)
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The novel coronavirus disease-2019 (COVID-19) is conta-
gious pneumonia caused by infection with severe acute
respiratory disease novel coronavirus 2. The COVID-19
pandemic has caused thousands of deaths worldwide
since its outbreak in December 2019.1 The number of
confirmed COVID-19 cases as of June 13 exceeded 7.5
million, with more than 400,000 confirmed deaths.2 To
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date, the exact and detailed pathogenesis of COVID-19
has remainedunclear, and there is noparticularly effective
medication for COVID-19 treatment. A clinical study sug-
gested that coagulopathy may be prevalent in patients
with COVID-19, and that an elevated D-dimermay be asso-
ciatedwith poor clinical outcomes.3 Venous thromboem-
bolism (VTE), mainly consisting of deep vein thrombosis
(DVT), and pulmonary embolism (PE), may have a rela-
tively high prevalence in patients with COVID-19.4

According to recently published recommendations
and guidelines, the efficacy of routine screening for VTE
in patients with COVID-19 is uncertain, and testing for
the diagnosis of VTE should be based on the clinical in-
dex of suspicion.5 This factor may partly contribute to
the uncertainty regarding the prevalence of VTE in pa-
tients with COVID-19 with different disease severity.
Therefore, the understanding of the prevalence of VTE,
PE, and DVT in specific groups of patients with COVID-
19 can be helpful. This study’s objective was to identify
the prevalence of VTE, PE, and DVT in consecutive hospi-
talized patients, intensive care unit (ICU) patients, and
289



ARTICLE HIGHLIGHTS
d Type of Research: Systematic review and meta-
analysis

d Key Findings: One in 10 consecutive patients hospi-
talized with the novel coronavirus disease-2019
(COVID-19) may have venous thromboembolism
(VTE). In COVID-19 patients screened for VTE, patients
in the intensive care unit (ICU) have a significantly
higher prevalence of pulmonary embolism (PE) and
deep vein thrombosis (DVT) than non-ICU patients.
Testing for VTE based on clinical suspicion for non-
ICU patients with COVID-19 is standard manage-
ment, whereas for ICU patients with COVID-19,
screening tests for PE should be considered despite
the lack of usual clinical manifestations of PE.

d Take Home Message: VTE is common in patients
hospitalized with COVID-19. The screening test strat-
egy may significantly improve detection rates of PE
and deep vein thrombosis in patients hospitalized
with COVID-19 than tests based on clinical suspicion.
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non-ICU patients with COVID-19 by a meta-analysis
based on currently available clinical studies.

METHODS
Search strategy. This systematic review followed the

PRISMA guidelines.6,7 Searching of the literature was
conducted from December 1, 2019, to August 27, 2020, in
the PubMed, Web of Science, and Embase database by
Z.R. and S.N. The search strategy is presented in the
Supplementary Table (online only). The inclusion criteria
were patients hospitalized with COVID-19 with reported
events of DVT, PE, or VTE, and all PEs and DVTs were
diagnosed by computed tomographic pulmonary arte-
riography and duplex ultrasound examination, respec-
tively. Only English publications were included. The
exclusion criteria were clinical studies on specific groups
of patients with COVID-19, including pregnant patients,
HIV patients, pediatric patients, deceased patients, out-
patients with COVID-19, and other selected groups of
patients. Studies reporting fewer than 20 cases were also
excluded. In selecting the literature, Z.R. and X.D. would
independently assess the qualification of studies ac-
cording to exclusion and inclusion criteria. L.N. will
independently decide whether to include or exclude a
study if there is discordance.

Data extraction. Information regarding author, study
location, study design, demographics, and the sample
size was collected from the selected literature by X.W.
and B.M. The prevalence of DVT, PE, or VTE was defined
as the percentage of DVT, PE, or VTE events among the
total number of patients with COVID-19. DVT, PE, and
VTE events were obtained from the included studies. If
the study did not report the number of VTE events, we
added DVT and PE events together as the number of VTE
events. Information on whether VTE was diagnosed by
screening or testing based on clinical suspicion was also
collected for each patient.
Subsequently, we divided the patients with confirmed

COVID-19 into groups for analysis based on patient state:
ICU patients, non-ICU patients, and consecutive patients.
ICU patients were defined as continuously enrolled pa-
tients treated in an ICU; non-ICU patients as continuously
enrolled patients treated in a general ward; and consec-
utive patients as continuously enrolled hospitalized pa-
tients during the study period (all-comers). By these
definitions, consecutive hospitalized patients are the
combination of ICU and non-ICU patients in this study.
Whether patients with COVID-19 were diagnosed with
VTE by routine screening tests or tests based on clinical
suspicion was recoded and extracted for subgroup
analysis.

Quality assessment. The Joanna Briggs Institute’s crit-
ical appraisal checklist tool for a prevalence study was
used for quality assessment of the included studies.8

The checklist includes nine questions with four
categories of answers: yes, no, unclear, and not appli-
cable for insufficient data. Yes is scored as 1, and no is
scored as 0, with a total quality score ranging from 0 to 9.
Quality assessment was carried out by independent re-
viewers (L.N. and X.D.).

Data analysis. We used the meta (version 4.12-0) and
forrestplot (version 1.9) packages in R (version 3.6.2;
The R Foundation, Vienna, Austria) to perform the
meta-analysis. The Shapiro-Wilk test was introduced
as a normality test, and log transformation was used.
Prevalence with a 95% confidence interval (95% CI) was
used. A random-effects model was developed for sig-
nificant heterogeneity (P < .10 or I2 > 50%), and a fixed-
effects model was used for non-significant heteroge-
neity (P > .10 or I2 < 50%). A funnel plot and the Egger
test were used for assessment of publication bias. A
two-sided P value of less than .05 was regarded as
statistically significant. Pooled results for the preva-
lence of VTE, PE, and DVT in each group were analyzed,
and a subgroup analysis of screening or testing upon
indication of symptoms for VTE, PE, and DVT was
conducted.

RESULTS
Study selection and summary of studies. Systematic

searches obtained a total of 2005 citations. After
excluding duplicates and applying the inclusion and
exclusion criteria, 40 articles remained and met the in-
clusion criteria for quality appraisal after the full-text
examination (Fig 1).4,9-48 In the quality assessment, 31 ar-
ticles received a score of 8 out of 9, and 9 studies received
a score of 9 out of 9.



Fig 1. The PRISMA flowchart. CTPA, Computed tomographic pulmonary arteriography; DUS, duplex ultrasound.

Journal of Vascular Surgery: Venous and Lymphatic Disorders Zhang et al 291

Volume 9, Number 2
Thirty-four retrospective studies and six prospective
studies were included in this meta-analysis. Data for
7966 patients with COVID-19 were collected, including
4222 American patients, 616 Asian patients, and 3128
European patients. Male patients accounted for 61.0%
(2225/3648) of the included patients. Regarding comor-
bidities, 46.1% of patients (1191/2582) had hypertension
and 21.4% (604/2828) had diabetes mellitus. The malig-
nancy rate was 8.5% (274/3230). Only 4.0% of patients
(100/2510) had prior VTE history. Twenty-eight studies
and 77.0% of patients (1868/2427) had been treated
with prophylactic or therapeutic anticoagulation for the
prevention of VTE (Table).
In this meta-analysis, we categorized all patients into

three groups: consecutive patients (13 studies; 5944 pa-
tients), non-ICU patients (10 studies; 1074 patients), and
ICU patients (25 studies; 1844 patients). There were four
included studies that contained consecutive patients,
ICU patients, and non-ICU patients.12,14,17,18 In total, 16
studies underwent screening tests for VTE. There were
six studies in which patients were routinely screened
for DVT by duplex ultrasound examination; computed
tomographic pulmonary arteriography was performed
only for suspected PE. Another 17 studies use imaging
tests only for symptomatic or suspected VTEs. One study
did not report a screening test strategy for VTE.

Outcome of meta-analysis. All meta-analyses were
performed by random-effects models. The pooled prev-
alence of VTE, PE, and DVT for consecutive hospitalized
patients were 13% (95% CI, 0.05-0.24), 8% (95% CI, 0.04-
0.13), and 7% (95% CI, 0.03-0.14), respectively. ICU patients
had a pooled VTE prevalence of 31% (95% CI, 0.22-0.42),
which was significantly higher than non-ICU patients
(prevalence of 7%; 95% CI, 0.01-0.18; P ¼ .0012).
Compared with non-ICU patients, ICU patients also had
three-fold higher pooled prevalence of PE (17% [95% CI,
0.12-0.23] vs 4% [95% CI, 0.01-0.08]; P ¼ .0001) and DVT
(25% [95% CI, 0.14-0.37] vs 7% [95% CI, 0.02-0.14];
P ¼ .0043; Fig 2).
In the subgroup analysis, the prevalence of PE and

DVT obtained from screening or testing on clinical sus-
picion was compared. For ICU patients, the PE preva-
lence for screening (prevalence of 37%; 95% CI,



Table. Summary of 40 studies for meta-analysis

Study Country Study type Sample size (n) Age, years Male (%)

Consecutive

Artifoni et al9 France Retrospective 71 64 (46-75)a 43 (61)

Bavaro et al10 Italy Retrospective 20 62 (56-80)a 8 (40)

Barrett et al11 United States Retrospective 100 65a 61 (61)

Grillet et al12,b France Retrospective 100 66 6 13 70 (70)

Koleilat et al13 United States Retrospective 3404 NR NR

Lodigiani et al14,b Italy Retrospective 388 66 (55-75)a 264 (68)

Mei et al15 China Retrospective 256 56 (0.5-87)c 131 (51)

Mestre-Gómez et al16 Spain Retrospective 452 NR NR

Middeldorp et al17,b The Netherlands Retrospective 198 61 6 14 130 (66)

Moll et al18,b United States Retrospective 210 62 6 16 101 (48)

Poyiadji et al19 United States Retrospective 328 NR 150 (46)

Stoneham et al20 United Kingdom Retrospective 274 NR NR

Zhang et al21 China Prospective 143 63 6 14 74 (52)

Non-ICU

Cattaneo et al22 Italy Retrospective 64 70 (58-77.5)a 35

Demelo-Rodríguez et al23 Spain Prospective 156 68.1 6 14.5 102 (65)

Giorgi-Pierfranceschi et al24 Italy Retrospective 66 71.5 6 11 46 (70)

Grillet et al12,b France Retrospective 61 NR NR

Le Jeune et al25 France Retrospective 42 65 6 19 23 (55)

Lodigiani et al14,b Italy Retrospective 327 68 (55-77)a 215 (66)

Middeldorp et al17,b The Netherlands Retrospective 123 60 6 16 72 (59)

Moll et al18,b United States Retrospective 108 60 6 17 42 (39)

Pizzolo et al26 Italy Retrospective 43 66 (28-96)c 29 (67)

Santoliquido et al27 Italy Retrospective 84 67.6 6 13.5 61 (73)

ICU

Alharthy et al28 United States Prospective 89 43 (32-54)a 74 (84)

Chen et al29 China Retrospective 88 63 (55- 71)a 54 (61)

Desborough et al30 United Kingdom Retrospective 66 59 (49-66) 48 (73)

Devreese et al31 Belgium Retrospective 31 63 (38-82)c 28 (90)

Grandmaison et al32 Switzerland Retrospective 29 66 (37-79)c 18 (64)

Grillet et al12,b France Retrospective 39 NR NR

Helms et al33 France Prospective 150 63 (53-71)a 122 (81)

Hippensteel et al34 United States Retrospective 91 NR 53 (58)

Ierardi et al35 Italy Retrospective 234 62 (7-98)c 70 (30)

Klok et al4,36 The Netherlands Retrospective 184 64 6 12 139 (76)

Llitjos et al37 France Retrospective 26 68 (52-75)a 20 (77)

Lodigiani et al14,b Italy Retrospective 61 61 (55-69)a 61 (100)

Longchamp et al38 Switzerland Retrospective 25 68 6 11 16 (64)

Middeldorp et al17,b The Netherlands Retrospective 75 62 6 10 58 (77)

Moll et al18,b United States Retrospective 102 64.6 6 14.9 59 (58)

Nahum et al39 France Prospective 34 62.2 6 8.6 25 (78)

Patel et al40 United Kingdom Retrospective 39 53 (29-79)c 32 (82)

Pavoni et al41 Italy Retrospective 40 61 6 13 24 (60)

Poissy et al42 France Retrospective 107 NR NR

Ren et al43 China Retrospective 48 70 (62-80)a 26 (54)

Stessel et al44 Belgium Retrospective 46 70 (62-76)a 34 (74)

Taccone et al45 Belgium Retrospective 40 61 (57-66) 28 (70)

Thomas et al46 United Kingdom Retrospective 63 NR 44 (70)

Voicu et al47 France Prospective 56 NR 42 (75)

Zhang et al48 China Retrospective 81 NR NR

ICU, Intensive care unit; NR, not reported; VTE, venous thromboembolism.
aMedian (interquartile range); only the median age was provided in Berger et al.
bClinical study containing consecutive patients, ICU patients, and non-ICU patients.
cMedian (range).
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Table. Continued.

Hypertension (%)
Diabetes

mellitus (%) Cancer (%) ICU (%) Intubation (%) Prior VTE (%)
Prophylaxis/therapeutic

anticoagulation (%)

Consecutive

29 (41) 14 (20) 4 (6) 5 (7) 13 (18) NR 71 (100)

11 (55) 3 (15) 2 (10) 6 (30) 6 (30) NR 17 (85)

53 (53) NR NR NR NR NR NR

NR 20 (20) 20 (20) 39 (39) 34 (34) NR NR

NR NR NR NR NR NR NR

183 (47) 88 (23) 25 (6) 61 (16) NR 12 (3) NR

60 (23) 46 (18) 4 (2) NR 45 (18) 0 (0) NR

NR NR NR NR NR NR NR

NR NR 7 (4) 75 (38) NR 11 (6) NR

125 (60) 70 (33) 40 (19) 102 (49) 86 (41) 9 (4) 190 (91)

197 (60) 126 (38) 45 (14) 82 (25) 55 (17) 26 (8) 122 (37)

NR NR NR NR NR NR NR

46 (32) 26 (18) 7 (5) 15 (10) NR 1 (1) 53 (37)

Non-ICU

NR NR 7 0 (0) NR 0 (0) NR

NR NR 16 (10) 0 (0) NR 2 (1) NR

22 (33) 9 (13) 6 (9) 0 (0) 0 (0) 1 (1) 62 (94)

NR NR NR 0 (0) NR NR NR

20 (48) 13 (31) 3 (7) 0 (0) 0 (0) NR 42 (100)

156 (48) 77 (24) 23 (7) 0 (0) NR 12 (4) NR

NR NR 4 (3) 0 (0) 0 (0) 9 (7) NR

56 (52) 31 (29) NR 0 (0) NR 5 (5) 91 (84)

23 (53.5) 6 (14) 4 (9) 0 (0) NR 0 (0) 43 (100)

45 (54) 18 (21) 14 (17) 0 (0) 0 (0) 3 (4) 84 (100)

45 (51) 40 (45) NR 89 (100) 74 (84) NR 89 (100)

31 (35) 9 (10) 5 (6) 88 (100) NR NR 88 (100)

30 (45) 27 (41) 5 (8) 66 (100) 52 (79) 5 (8) 66 (100)

NR 8 (26) 6 (19) 31 (100) 26 (84) 1 (3) 31 (100)

NR NR 2 (7) 29 (100) NR 2 (7) 29 (100)

NR NR NR 39 (100) NR NR NR

NR 30 (20) 9 (6) 150 (100) NR 8 (5) 150 (100)

NR 28 (31) 3 (3) 91 (100) NR NR 0 (0)

93 (40) 40 (17) 26 (11) 234 (100) NR NR 234 (100)

NR NR 5 (2.7) 184 (100) NR 17 (9) 184 (100)

22 (85) NR 0 (0) 26 (100) 26 (100) 1 (4) 26 (100)

27 (44) 11 (18) 2 (3) 61 (100) NR 0 (0) NR

10 (40) 1 (4) 2 (8) 25 (100) 23 (92) 0 (0) 25 (100)

NR NR 3 (4) 75 (100) 75 (100) 2 (3) NR

69 (68) 39 (38) NR 102 (100) NR 4 (4) 99 (97)

13 (38) 15 (44) 1 (3) 34 (100) 34 (100) NR 34 (100)

15 (39) 8 (21) NR 39 (100) 39 (100) NR 39 (100)

16 (40) 16 (40) NR 40 (100) NR NR NR

NR NR NR 107 (100) NR NR NR

19 (40) 13 (27) NR 48 (100) 47 (98) NR 1 (2)

29 (63) 14 (30) NR 48 (100) NR NR 0 (0)

28 (70) 5 (13) 5 (13) 40 (100) 40 (100) NR 40 (100)

NR NR 1 (2) 63 (100) 52 (83) 1 (2) 63 (100)

26 (46) 25 (45) NR 56 (100) 56 (100) NR 49 (88)

NR NR NR 81 (100) NR NR 36 (44)
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Fig 2. Pooled results of VTE, PE, and DVT prevalence in patients with COVID-19. DVT, Deep vein thrombosis; ICU,
intensive care unit; PE, pulmonary embolism; VTE, venous thromboembolic event.
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0.30-0.44) was significantly higher than that for testing
on clinical suspicion (prevalence of 12%; 95% CI, 0.08-
0.16) (P < .0001). Screening for DVT in ICU patients
also significantly improved the detection rate
compared with testing on clinical suspicion (40% vs
11%; P ¼ .0069). Similarly, consecutive patients with
COVID-19 showed a significant difference in detection
rate by two testing strategies for the diagnosis of PE
(22% vs 5%; P < .0001) and DVT (33% vs 2%;
P ¼ .0010). As for non-ICU patients, DVT screening
test increased the detection rate (12% vs 1%;
P ¼ .0007). However, the difference in the detection
of PE by different test strategies in non-ICU patients
did not reach significance (10% vs 3%; P ¼ .0530).
Despite testing strategies, ICU patients had a signifi-
cantly higher prevalence of PE and DVT than non-
ICU patients (Fig 3).
The results of the funnel plot and Egger’s test showed a

potential publication bias in the prevalence of VTE and
PE in ICU patients. No potential publication bias of VTE,
PE, and DVT was reported in consecutive patients and
non-ICU patients (Supplementary Figs 1-3, online only).
In the setting of subgroup analysis of PE and DVT testing
strategy, only one study reported a screening test strat-
egy for PE for non-ICU patients, so this topic was not suit-
able for this analysis. There was no potential publication
bias reported in the Egger’s test of PE and DVT preva-
lence in both ICU and non-ICU patients
(Supplementary Fig 4, online only).
DISCUSSION
Accumulating clinical studies and reviews have sug-

gested that patients with COVID-19 can be complicated
with coagulopathy, and prothrombotic characteristics
may be associated with a high risk of VTE.49 One study
identified increased D-dimer as a risk factor for a poor
prognosis in patients with COVID-19.50 Another study
showed that anticoagulant treatment with heparin was
associated with decreased mortality in patients with se-
vere COVID-19 with coagulopathy and a sepsis-induced
coagulopathy score of 4 or higher or a D-dimer of more
than six-fold of the upper limit of normal.51 The current
understanding of COVID-19 pathogenesis, including
excessive systematic inflammation, platelet activation,
endothelial dysfunction, and stasis, could also explain
the high risk of VTE.52 Nevertheless, the detailed patho-
genesis of VTE in patients with COVID-19 remains
unknown.
In a recently published meta-analysis, Hasan et al53 re-

ported a prevalence of VTE of 31% in ICU patients
with COVID-19 despite anticoagulation. According to
Chi et al54 and Porfidia et al,55 the prevalence of VTE in
hospitalized patients was 23.9% to 26.0%. The present
meta-analysis is the updated report of the prevalence
of VTE in patients with COVID-19, which includes a
greater number of continuously enrolled patients
compared with previous studies. Our study included
5944 continuously enrolled, consecutive patients hospi-
talized with COVID-19, likely a fair representation of the



Fig 3. Subgroup analysis of prevalence of DVT and PE in patients with COVID-19 by different test strategies. A,
Subgroup analysis of PE. B, Subgroup analysis of DVT. DVT, Deep vein thrombosis; ICU, intensive care unit; PE,
pulmonary embolism.
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real-world incidence of VTE among these patients. Ac-
cording to the definition of this study, consecutive hospi-
talized patients may consist of patients with COVID-19
who are moderately, severely, or critically ill. Because
thrombosis and VTEs may strongly correlate with the
severity of COVID-19, the prevalence of consecutive pa-
tients may vary vastly among studies and be influenced
by the different testing strategies for the diagnosis of
VTE.34 In comparison, non-ICU patients with COVID-19
included patients treated in general wards, mostly
without acute respiratory distress syndrome and invasive
mechanical ventilation, and therefore, may have a lower
pooled prevalence of VTE, PE, and DVT than ICU patients
with COVID-19.
The present study demonstrated a significantly higher

prevalence of VTE, PE, and DVT in ICU patients with
COVID-19 compared with non-ICU patient group, which
is consistent with previous studies. In this study, the
pooled PE prevalence of ICU patients was 17%. Similarly,
Poissy et al42 reported a notably higher PE prevalence in
ICU patients with COVID-19 compared with other ICU pa-
tients and ICU patients with influenza. In their center, the
PE prevalence was 20.6% in ICU patients with COVID-19
(22/107), compared with 6.1% in other ICU patients (12/
196) and 7.5% in ICU patients with influenza (7.5%) during
the same period. Similarly, there was a significant differ-
ence in the DVT prevalence between ICU and non-ICU
patients in this study, which is in line with previous
reports.49

Although unclear, the discrepancy between the PE and
DVT prevalence in ICU patients with COVID-19 may be
attributed mainly to the pathogenesis of COVID-19
compared with that of other diseases. Among patients
treated in an ICU, general risk factors for VTE include
advanced age, prior VTE, a history of cancer, prolonged
immobilization, obesity, pregnancy, trauma, spinal cord
injury, recent surgery, and stroke.56,57 Approximately
one-fifth of all-cause PE cases were reported to be iso-
lated PE without the presence of DVT.58 This proportion
certainly seems to be higher in the setting of COVID-19,
according to current clinical studies. The suspected PE
may be “pulmonary thrombi,” despite the similar clinical
manifestations to acute PE. If so, the pulmonary thrombi
in patients with COVID-19 probably result from excessive
vascular damage, viral infection, and severe inflamma-
tion.22 Invasive mechanical ventilation and acute respira-
tory distress syndromemay also contribute to pulmonary
venous thrombosis; patients treated in a general ward
were shown to have a low incidence of VTE.59 Neverthe-
less, autopsy and postmortem reports of patients with
COVID-19 described certain cases in which thrombi
were derived from the deep veins of the lower extrem-
ities and caused death.60 Despite the pathogenic mech-
anisms of DVT-associated PE or pulmonary venous
thrombosis in patients with COVID-19, emerging clinical
evidence has shown that VTE is associated with poor
clinical outcomes and should be addressed with greater
caution.50

Another strength of this study is the analysis of different
test strategies for VTE in patients with COVID-19. A recent
guideline recommended standard-of-care objective
testing to diagnose VTE based on the clinical index of
suspicion, whereas routine screening for VTE by bedside
Doppler ultrasound imaging or elevated D-dimer was not
recommended.5 In this meta-analysis, screening tests in
ICU patients with COVID-19 showed a nearly three-fold
increase in PE and DVT detection rates compared with
testing based on a clinical index of suspicion. In non-
ICU patients, there was also a significant increase of the
detection rate of DVT by screening tests. However, the
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results show no significant difference in the PE detection
rate in non-ICU patients. The discrepancy in the publica-
tion bias of pooled results and subgroup analysis further
suggested the potentially underestimated prevalence of
VTE by different test strategies, especially in ICU patients.
Considering the more severe condition, higher mortality
rate, and a greater prevalence of VTE in ICU patients,
screening for VTEs may be acceptable for ICU patients.
Still, whether screening test for VTE in patients with
COVID-19 necessary is worthy of further study.
There are limitations to this meta-analysis. First, the pa-

tients with COVID-19 enrolled from different centers may
have varied extensively in terms of disease severity and
comorbidities, which may induce heterogeneity and a
potential publication bias of the pooled results. Second,
a potential bias may have existed by under-reporting
VTE diagnoses, DVT, and PE based on the different stra-
tegies applied in various centers. Third, some patients
may have undergone prophylactic or therapeutic antico-
agulation, which may influence the prevalence of VTE.
Finally, included studies that were retrospective in nature
were also inherently limited. Therefore, the results were
limited by low-quality evidence owing to heterogeneity
and the potential risk of bias. A prospective study with
a larger sample size and justified measurement strate-
gies is warranted.

CONCLUSIONS
VTE events are common in patients hospitalized with

COVID-19, especially in ICU patients. Screening tests for
PE and DVT may significantly improve detection rates
in both ICU and non-ICU patients with COVID-19 than
tests based on clinical suspicion. Owing to the low-
quality evidence of this study, a prospective study with
larger sample size and justified measurement strategies
is warranted.
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Supplementary Table (online only). Search strategy of meta-analysis

PUBMED

#1 "COVID-19"[Title/Abstract] OR "Coronaviruses"[Title/Abstract] OR "SARS-
CoV-2"[Title/Abstract]

47,628

#2 "venous thromboembolic"[Title/Abstract] OR "thromboembolic
events"[Title/Abstract]
OR "thrombosi*"[Title/Abstract] OR "emboli*"[Title/Abstract] OR
"VTE"[Title/Abstract]

259,752

#3 "pulmonary embolism"[Title/Abstract] OR "pulmonary emboli*"[Title/
Abstract]

38,108

#4 "deep vein thrombosis"[Title/Abstract] OR "DVT"[Title/Abstract] 21,514

#5 "thromboembolic event"[Title/Abstract] 1,506

#6 #2 OR #3 OR #4 OR #5 261,063

#7 #6 AND #1 850

EMBASE

#1 ’covid-19’/exp OR ’covid-19’ 45,190

#2 ’coronaviruses’ OR coronaviruses 4,097

#3 ’sars-cov-2’/exp OR ’sars cov 2’ 17,580

#4 #1 OR #2 OR #3 49,941

#5 ’venous thromboembolic’:ti,ab OR ’thromboembolic events’:ti,ab OR
’thrombosi*’:ti,ab
OR ’emboli*’:ti,ab OR ’vte’:ti,ab

377,720

#6 ’pulmonary embolism’:ti,ab OR ’pulmonary emboli*’:ti,ab 56,916

#7 ’deep vein thrombosis’:ti,ab OR ’dvt’:ti,ab 35,300

#8 ’thromboembolic event’:ti,ab 2,619

#9 #5 OR #6 OR #7 OR #8 381,379

#10 #3 AND #9 700

Web of Science

#1 TI ¼ (COVID-19 OR Coronaviruses OR SARS-CoV-2) OR AB ¼ (COVID-19
OR Coronaviruses OR SARS-CoV-2)

41,372

#2 TI ¼ (venous thromboembolic OR thromboembolic events OR
thrombosi* OR emboli* OR VTE) OR
AB ¼ (venous thromboembolic OR thromboembolic events OR
thrombosi* OR emboli* OR VTE)

314,100

#3 TI ¼ (pulmonary embolism OR pulmonary emboli*) OR AB ¼
(pulmonary embolism OR pulmonary emboli*)

55,852

#4 TI ¼ (deep vein thrombosis OR DVT) OR AB ¼ (deep vein thrombosis
OR DVT)

26,409

#5 TI ¼ thromboembolic event OR AB ¼ thromboembolic event 12,354

#6 #2 OR #3 OR #4 OR #5 315,194

#7 #1 AND #6 431

The search was conducted from December 1, 2019, to August 27, 2020, in Pubmed, Web of Science, and Embase database.
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Supplementary Fig 1 (online only). Publication bias analysis of VTE, DVT, and PE in consecutive patients. A, C and
E, Potential asymmetry of trials’ distribution, which indicates a lack of relevant trials with high quality included in
the comparisons. The results of Egger's test presented in B, D and F suggested potential publication bias in the
results of PE, DVT, and VTE prevelance of consecutive patients. DVT, Deep vein thrombosis; PE, pulmonary em-
bolism; VTE, venous thromboembolism.
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Supplementary Fig 2 (online only). Publication bias analysis of VTE, DVT, and PE in ICU patients. In (A, C and E)
Potential asymmetry of trials’ distribution, which indicates a lack of relevant trials with high quality included in the
comparisons. The results of the Egger's test in B, D and F suggested potential publication bias in the results of DVT
prevalence in ICU patients, and no publication bias of PE and VTE prevalence in ICU patients. DVT, Deep vein
thrombosis; ICU, intensive care unit; PE, pulmonary embolism; VTE, venous thromboembolism.
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Supplementary Fig 3 (online only). Publication bias analysis of VTE, DVT, and PE in non-ICU patients. In (A, C and
E) Potential asymmetry of trials’ distribution, which indicates a lack of relevant trials with high quality included in
the comparisons. The results of the Egger's test in B, D and F suggested potential publication bias in the results of
PE, DVT, and VTE prevalence in non-ICU patients. DVT, Deep vein thrombosis; ICU, intensive care unit; PE, pul-
monary embolism; VTE, venous thromboembolism.
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Supplementary Fig 4 (online only). Publication bias analysis of DVT and PE diagnosed by different test strategy.
DVT, Deep vein thrombosis; ICU, intensive care unit; PE, pulmonary embolism.
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